AD

Award Number: DAMD17-99-1-9224

TITLE: Treatment of Breast Cancer with Immunogenic Cells
Transfected with DNA from Breast Cancer Cells

PRINCIPAL INVESTIGATOR: Dubravka Markovic
Edward P. Cohen, M.D.

CONTRACTING ORGANIZATION: University of Illinois
Chicago, Illinois 60612-7227
REPORT DATE: July 2001

TYPE OF REPORT: Annual Summary

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

20011128 196




" REPORT DOCUMENTATION PAGE i e

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining
the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for
reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503

1. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
July 2001 Annual Summary (1 Jun 00 - 31 May 01)
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

DAMD17-99-1-9224

Treatment of Breast Cancer with Immunogenic Cells Transfected with DNA from
Breast Cancer Cells

6. AUTHOR(S)
Dubravka Markovic
Edward P. Cohen, M.D.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

University of Illinois
Chicago, Illinois 60612-7227

E-Mail:  dmarkovic @med.miami.edu

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Approved for Public Release; Distribution Unlimited

13. ABSTRACT (Maximum 200 Words)

This investigation was based on the hypothesis that weakly immunogenic, breast cancer-
associated antigens, the products of mutant or dysregulated genes in the malignant cells,
will be expressed in a highly immunogenic form by a semiallogeneic IL-2 secreting
fibroblast transfected with DNA from breast cancer cells. To investigate this question, we
transfected LM mouse fibroblasts (H2*) modified to secrete IL-2 with genomic DNA from
breast adenocarcinoma that arose spontaneously in a C3H/He mouse (H2*). To increase their
nonspecific immunogenic properties, the fibroblasts were also modified before transfection
to express allogeneic MHC determinants (H-2KP) . Afterward, the IL-2 secreting
semiallogeneic cells were cotransfected with DNA from the spontaneous breast neoplasm,
along with with a plasmid (pHyg) conferring resistance to hygromycin. Pooled colonies of
hygromycin resistant cells were then tested in C3H/HeJd mice for their immunogenic
properties against the growth of the breast neoplasm. The results indicated that the
tumor-bearing mice immunized with the transfected cells survived significantly longer than
mice in various control groups and that CD8' T cells were required for the effectiveness
of this type of therapy.

14. SUBJECT TERMS 15. NUMBER OF PAGES
Breast Cancer 13

16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclassified Unclassified Unlimited
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. Z39-18
298-102




Table of Contents

GOV . cnenemieeeerssssasessssasssasnsassssssastesasastassssstasnssanasnsnstsssssssnrasessnsnnnnsses 1

o] i1 - T U UL PO RP P 2
Table of CONteNtS.....c.vuieiiieieriiiiii i e ra s s s s e e 3
INtrodUCHION.......ceueererieei e s e e e s en s s e s 4
21T 1 T PR 5-8
Key Research Accomplishments..........ccooririiimiicnii e, 9
Reportable OUICOMES.........covieiieiimimernrrre e s s e aa e 10
CONCIUSIONS...eieieriiicierers s rrre st rn et sara s s s sea s s rarernansranannsaes 11-12
22 (=Y =Y 3 [ = P LIPS 13




INTRODUCTION

These studies were undertaken to determine if immunization with semi-allogeneic
fibroblasts modified to express IL-2 and transfected with genomic DNA from a breast
tumor resulted in anti-breast tumor immunity. It had been previously determined in our
laboratory that a similar vaccine constructed with melanoma genomic DNA was effective
at generating anti-melanoma immunity (1).We reasoned that genes specifying numerous,
unidentified, weakly immunogenic TAAs would be expressed in a highly immunogenic
form by the transfected cells, and that immunizations with the transfected cell would
result in an immune response directed toward the breast cancer cell.

DNA was isolated from a spontaneously arising breast adenocarcinoma in a C3H/He
mouse, spontaneous breast adenocarcinoma 1 (SB1), and was used to transfect LM cells,
a mouse fibroblast cell line of C3H/He mouse origin. To increase their non-specific
immunogenic properties and to ensure rejection, before transfection, the fibroblasts were
modified to express allogeneic H-2K"-determinants, and to secrete IL-2. Preliminary
results indicated that C3H/HeJ mice were completely susceptible to SB1 growth when as
few as 1 x 10 cells were injected. A parallel study was carried out in C57BL/6 mice
using EO771 breast adenocarcinoma cells. Experiments were performed to determine a)
if an anti-breast tumor immune response was generated and b) to define the effector cell
populations.

The results indicated that mice immunized with the transfected fibroblast developed
immunity toward the breast cancer cells. The first appearance of tumor was delayed and
the treated mice survived significantly longer than mice in various control groups,
including mice injected with non DNA-transfected LM-IL-2K" fibroblasts. CD8" T cells
were required for the effectiveness of this type of therapy.

These results raise the possibility that a fibroblast cell line that shares identity at one or more
MHC class I alleles with the cancer patient may be readily modified to provide immunologic
specificity for TAAs expressed by the patient’s neoplasm.




BODY:

LM fibroblasts are of C3H/He mouse origin. They express H-2* class I determinants and share
identity at the MHC with C3H/He mouse origin. To increase the fibroblasts’ immunogenic
properties, the cells were modified for IL-2 secretion and to express allogeneic (H-2K") MHC-
determinants (semi allogenic cells). After IL-2 secretion and the expression of H-2K"
determinants were confirmed, the modified cells (LM-IL-2K®) were co-transfected with DNA
from spontaneous breast cancer arising in individual C3H/He mice. Using C3H/HeJ mice and
SB1 (spontaneous mammary adenocarcinoma) as our model, we utilized LM-IL-2K" cells and
transfected them with genomic DNA from SB1 tumor. We found that that tumor growth was
delayed in the mice injected with LM-IL-2K"/SB1 and led to prolonged survival of mice with
SB1 tumor (Annual report 2000). Another vaccine was prepared using LM-IL-2K” cells
transfected with DNA from a tumor (EO771) which has a histological morphology similar to
SB1 yet is from a different host strain (LM—IL-ZKb/EO771). The experiment was carried out in
C57BL/6 mice injected with EQ771 cells and animals treated with LM-IL-2K*/EQ771 or LM-IL-
2K"/SB1. Although there was some cross reaction in the response against both vaccines a more
potent response was elicited by the vaccine transfected with the DNA from the tumor being
treated (Annual report 2000).

Involvement of CD8'T cells in the anti-breast tumor immune response

These data suggested that mice immunized with the vaccine constructed from genomic DNA
isolated from the tumor, resulted in immunity to the tumor. Since CD8'T cells are the primary
effector population responsible for specific, cytolytic anti-tumor immunity, experiments were
performed to determine if CD8'T cells were required for the effectiveness of this type of therapy.
For this purpose, it was initially determined that a cytolytic immune response could be generated
with spleen cells isolated from mice immunized with EO771 and LM-IL-2K®/EO771 cells. As
seen in Table I, spleen cells isolated from LM-IL-2K"/EO771 injected mice, resulted in 257 %
specific lysis of EO771 target cells. Spleen cells isolated from mice injected with LM, LM-IL-
2K®, LM-IL-2K*/B16F1 (LM-IL-2K" cells transfected with DNA from B16 melanoma), or
media alone, did not result in significant cytolysis. As a positive control, an allogeneic target
cell (LM) was labeled with >'Cr. Spleen cells incubated with Cr-labeled LM cells had significant
lysis against LM, providing the mice had been injected with LM cells, ranging between 53 +3
to 64 x£15 percent specific lysis. Spleen cells isolated from media injected mice did not lyse
either EO771 cells (3.3 £ 1.0) or LM cells (1.8 = 12).




Table I Cytotoxic responses toward E0771 breast adenocarcinoma cells in C57BL/6 mice
injected with a mixture of EO771 cells and LM-IL-2Kb/EO771 cells.

Injected with BQ771 cells Target %% specific
and eraelease
LM-IL-2KEO7T1 cells BOTI1T 250 + 7
LM cells EOTTN 9044
LMIL2K® cells , EOTT1 3.1+20
LM-IL-2KYB 16F] cells EQ7T1 70440
Media EOTT 33410

BOTT cells and

LMIL2KEOTTI cells IM 59£ 12
IM cells IM 64 £ 18
LM-IL-2K" cells M 53230
LM-IL-2K"/B16F1 cells M 574 10
Media M 1.8+12

Legend: Mice were injected on day 0 with 5 x 10° BO771 cells and 2 x 10° LML~
2KMEOTT1 cells b An additional injection of 2 X 10° LM-IL-2K"YEO77] cells in 4 total
vohime of 200 ul was injected i.p. Injections of 2 x 10° LM-IL-2K*/EOT7] cells in & total
volume of 200 uf were injected 1.b. and i.p. once & week for two additional weeks. One
week after the last injection, the spleen cells were isolated, counted and re-stimulated with 2
x 10F LM-IL-2KYEOTT1 cells at an effector to stimulator ratio of 30:1. The same
procedure was followed for LM, LM-IL-2K, and LM-IL-2K"/B16F1 cells. Media mice
were igjected with 5% 1P BO771 cells in 200 ul of media 1b., and 200 ul of media alone
ip. The two weekly injections were 200 ul of media injected ib. and 1p. After 5 days, a
Cr-release assay was performed as described in materials and methods. Both Cr-labeled
EO771 and LM cells were used at targets for the assay. The effector to target ratio was
UGS

Together, these data suggested that mice immunized with the vaccine constructed from
genomic DNA isolated from the tumor, resulted in systemic immunity to the tumor.
However, further experiments were performed to determine if the lysis was mediated by
CDS8™T cells. Spleen cells isolated from mice immunized with LM-IL-2K*/EOQ771 cells
were pre-incubated with anti- CD8"T cell antibody. After the addition of complement (to
deplete the CD8'T cell population) the remaining cells were incubated with Cr-labeled
EO771 cells. The results (Tablell) indicate that the percent specific lysis was
significantly inhibited in spleen cells obtained from mice immunized with LM-IL-

2K /EO771 cells (97%). Depleted spleen cells isolated from media, LM-IL-2, or LM-IL-
2K cell-injected mice did not have significant inhibition of specific lysis to EO771 cells.
LM-IL-2K"/SB-1 cell-injected mice also had significant inhibition (83%). Previous
experiments had determined that EO771 cells and SB-1 cells were cross-reactive (Annual
report 2000). However, all spleen cells were significantly inhibited after the depletion of
CDS8'T cells, when reacted with LM cells.




Table II The effect of CD8+ antibodies on cytotoxic activity of spleen cells from mice
injected with a mixture of EO771 cells and LM-IL-2Kb cells.

Mouse immiintzed | EO771 calls LM cells
with EO771 cells
and ,
% B Percent %% %% Percent
specific | specific | inbibition | spesific | specific hibition
lysis Iysis + Tysis fysis +
) andi- anti-C8"
oy MeAb
MeAb
Media 421 |35+ [129 1443 |62 |3
1 .
LM-L-2 cells 0.7+ ﬂndf\ n.d. 24 1443 42
0.6 0.5
IMIL2K cells |72 33z |5 7546 | 5614 |2
(1K) 2
IMAL2K/SB-1 |12+3]2+1 |82 8513 [48x6 |
cells
LAMAL- 1842]04x |22 o811 |55 |4
KYEOTTI eells 2 . 6.6

A not determined

Legend: Mice were immunized as described inJegend to ‘Table 4. Spleen C&‘:ﬁ'ﬁ were
depleted of CD8” T cells by the addition of 8 ug of anti-Cdg8™ T cell mAb and incubation on
ice for 45 min  After washing by centiifugation at 800 x g for $ minutes, guinea pig
complement was added (1:20 dilution iy PBS) and incubated at 37°C for 30 minutes, After
washing as above, the spleen cells were incubated with Cr-l aheled BO771 or LM cells atan
effectortarget ratio of 100:1. The percent inhibition of the positive response was caladated
as deseribed in materials and methods.

CD8" cells infiltrated the ducts of breast tumors developing in mice injected with a
mixture of tumor and vaccine cells

C3H/Hel mice injected with a mixture of SB-1 cells and LM-IL-2K®/SB-1 cells survived
significantly longer than mice in various control groups (Annual report 2000). C3H/HeJ
mice spontaneously develop tumors because they are infected with mouse mammary
tumor virus. The resulting tumors were injected into syngeneic mice for tumor passage.
The immunity toward SB-1 cells generated by immunizations with LM-IL-2K"/SB-1
cells was insufficient, however, to fully control tumor growth and the animals died,
eventually, from breast cancer.

Immunohistochemical staining was used to characterize the cellular infiltrate in breast
tumors developing in mice injected with SB-1 cells and LM-IL-2K"/SB-1 cells. Primary
antibodies for mouse CD4 (L3T4), CD8a (Ly-2), CD11b or NK (Ly-49c) cells were used
in the analysis. In the experiment, C3H/HeJ mice were injected into the fat pad of the
breast with a mixture of 1 X 10° SB-1 cells and 2 X 10°® LM-IL-2K"/SB-1 cells, and i.p.
with 2 X 10° LM-IL-2K®/SB-1 cells alone. The mice received two subsequent i.p.
injections and two subsequent injections into the same breast as first injected with
equivalent numbers of LM-IL-2K”/SB-1 cells alone. One week after the last injection,
the mice were sacrificed and the immunohistochemical staining reactions were performed
on the breast neoplasms. As indicated (Table III), large numbers of cells reactive with
CD8 antibodies infiltrated the epithelial ducts of the breast tumors in mice injected with
the mixture of SB-1 cells and LM-IL-2K®/SB-1 cells. Lesser numbers of CD8"T cells




were present intraductally in the tumors of mice injected with SB-1 cells alone (Table
III). There were no apparent differences between the numbers of CD4", CD11b" or NK
cells in breast neoplasms of the treated and untreated groups (Table III).

Table III Immunohistochemical staining of breast neoplasms in mice injected with SB-1
cells and LM-IL-2Kb/SB-1 cells.

Infiliratinge Cellg
£ Lps CR1Ik MK
Injected with 5B-1
and LM-TL-2KY50-1
cedls L1098 2ot 3 65430 04203
Ijectad with SB-1
cells alone 20+ 56 0o+ 14 §0+20 <0101

Legend: CIH/He) mice were injected into the fat pad of the breast with a mixture of 1 X 10 5B-
3 cells and 2% 10° LM-IL-2KYSB-1 cdls in 8 mtaf volume of 200 ul. At the same time the mice
received an imjection ip. of 2 X 10° LM-L-2K%5B-1 cells in 200 ul slone, followed by two
subsequent injections at weekly intervals of 2 X 10° LM-TL-ZK%SB-1 cells i.p. and 2 X 10F LM-
IL-2K/SB-1 cells into the fut pad of the same brease as first injected. Ax controls, other naive
C3H/He mice weretnjected according to the same protocel with equisalent numbers of SB-1 cells
into the breast alone, without subséquent injections. Onsweek after the last infection, histologic
sections were prepared for immunohistochemical staining with CID4, CD8, CD11b or NK mAbs,
as described in the Materials and Methods section. The data represent an examination of five high
powered fields per each of eight slides by thres Independent observers, The number of positively
staining cells in the epithelial ducts was determined. )

P < 001 for difference in nuovber of CDR” cells in tumars of mice injected with SH-1 cells and
LM-T.-2K"/58-1 ¢ells and mice injected with SB-1 olls along,

P for difference in number of CD4°, CD11b or NE cells in tumors of mice injected with SB-1
cells and LM-TL-2K*/SB-) cells and mice injected with SB.1 celis alone, pot significant.

The same protocol as described previously was followed to characterize the cellular
infiltrates in epithelial ducts of tumors forming in C57BL/6J mice injected with a mixture
of EO771 cells and LM-IL-2K*/EQ771 cells. Similar CD8"T cell-infiltrates were present
in breast tumors developing in C57BL/6J mice injected with a mixture of EO771 cells
and LM-IL-2K*/EO771 cells. Lesser numbers of CD8'T cells were present in the
epithelial ducts of tumors developing in mice injected with EO771 cells alone. As for
mice injected with SB-1 cells and LM-IL-2K®/SB-1 cells, there were no apparent
difference in the numbers of CD4*, CD11b" or NK cells in the treated and untreated
groups (data not shown).




KEY RESEARCH ACCOMPLISHMENTS

b)
9

d)

€)

g)

Isolated DNA from eight spontaneous breast cancer cells arising in C3H/HeJ mice
Modified LM fibroblasts to form IL-2. Confirmed IL-2 secretion

Modified LM-IL-2 cells to express H-2K" determinants

Transfected LM-IL-2K" cells with DNA from different breast neoplasms (SB1,
SB5b) arising in individual C3H/HeJ mice

Treated mice with SB1 breast cancer with fibroblasts transfected with DNA from
SB1 cells. Measured tumor growth in these mice and determined that the
treatment resulted in anti-breast cancer immunity.

Treated mice with SB1 breast cancer with fibroblasts transfected with DNA from
breast cancer arising in a different strain of mice (EO771). The treatment resulted
in prolongation of survival of mice with SB1 tumors indicating cross reaction of
antigens between the two breast tumors.

Determined that CD8" T cells were required for the anti-tumor response in mice

immunized with breast DNA transfected LM-IL-2K" cells.




REPORTABLE OUTCOMES

In partial fulfillment of the requirements for the PhD degree from the University of
Illinois — PhD obtained May 2001.

Manuscript in progress.
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CONCLUSIONS:

The data presented here indicate that semi-allogeneic fibroblasts modified to express IL-2 and breast
tumor antigens, can activate a potent, specific anti-breast immune response. There is evidence for the
development of cytotoxicity mediated by CD8" T cells. This immune activation results in specific long-
term resistance to breast cancer cells.

Like other neoplasms, breast cancer cells form TAAs, several of which have been identified (2,3).
However, antigens associated with the proliferating malignant cells are insufficiently immunogenic to
generate an effective immune response. Proliferating breast cancer cells fail to elicit anti tumor
responses that can control tumor cell-growth.

Here, I tested a unique approach toward the introduction of tumor antigens into a host. I combined two
classic findings. The first is that transfection of high molecular weight genomic DNA from one cell-
type can alter both the genotype and the phenotypic characteristics of the cells that take-up the
exogenous DNA. (4-7).

The second finding, is that the genotype of tumor cells differs from normal, nonmalignant cells of the
tumor-bearing host. I hypothesized that undefined, altered genes specifying TAAs would be expressed
in a highly immunogenic form by a subpopulation of cells transfected with DNA from the breast cancer
cells, and that the number of such cells would be sufficient to generate the anti tumor immune response.
A fibroblast cell line was chosen as recipients of the tumor-DNA. The cells, maintained in vitro, were
readily transfected, and the cell-number could be expanded as required for the immunizations. Like
dendritic cells, fibroblasts can act as efficient antigen-presenting cells (8). Our prior experience
indicated that class I cellular anti melanoma immune responses were generated in mice with melanoma
immunized with cells transfected with DNA from melanoma cells, and that mice immunized with cells
transfected with DNA from non neoplastic (liver) cells failed to lead to anti tumor immune responses

9).

In this study, DNA was isolated from a breast adenocarcinoma, EO771 cells, and was used to transfect
LM cells, a mouse fibroblast cell line of C3H/He mouse origin. To increase their non specific
immunogenic properties and to ensure rejection, before transfection, the fibroblasts were modified to
express allogeneic H-2K® determinants, and to secrete IL-2. CTL-mediated anti tumor immune
responses were generated in C57BL/6J mice immunized with mouse fibroblasts transfected with DNA
from EO771 cells. The first appearance of tumor was delayed and the mice survived significantly
longer than mice in various control groups, including mice injected with EO771 cells and LM-IL-2K"
cells transfected with DNA from B16 cells, a melanoma cell line of C57BL/6 origin.
Immunohistochemical staining of breast neoplasms in the treated animals revealed the presence of
numerous CD8" cells infiltrating the ducts of the tumor. Some of the mice injected with EO771 cells
and the modified fibroblasts transfected with DNA from EO771 cells appeared to have rejected the
breast cancer cells and survived indefinitely. The requirement for DNA-transfection in generating the
cellular immunogen was indicated by the finding that immunizations with non DNA-transfected LM-
IL-2K” fibroblasts failed to generate immunity toward the breast cancer cells. Systemic immunity
toward EO771 cells was generated in mice immunized with the DNA-transfected cells. Treated mice
were partially resistant to a second injection of EO771 cells.
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I interpret these findings as indicative of the expression by the transfected cells of undefined TAAs that
characterize the breast cancer neoplasms. Analogous to earlier reports (10), the immunogenic
properties of the TAAs were enhanced if they were expressed by IL-2-secreting cells that formed both
allogeneic and syngeneic MHC-determinants. The failure of transfected cells that expressed syngeneic
MHC-determinants alone to induce an anti breast cancer response reaffirmed the important role of
allogeneic determinants in the cells’ overall immunogenic properties.

The cellular immunogen was prepared by genetically modifying a fibroblast cell line. Fibroblasts
express class I MHC-determinants along with B7, a co stimulatory molecule required for T cell
activation (11). Modification of an antigen-presenting cell line, rather than modification of cells from
the primary neoplasm, had additional, important advantages. Genetic alteration of the fibroblasts was
readily accomplished, and the cells proliferated under standard cell culture conditions. Specialized
growth factors were not required. Unlike protocols that require the establishment of a tumor cell line, a
technically challenging prerequisite if the cells are to be genetically modified, breast cancer DNA was
obtained primary neoplasms taken directly from tumor-bearing mice. It is likely that the quantity of
DNA required to generate the vaccine could be obtained from a small quantity of tumor.

Surprisingly, a sufficient proportion of the transfected cell-population appeared to express the products
of genes specifying TAAs to induce the anti tumor immune response. My observation that anti tumor
immune responses followed immunizations with the transfected cells may be an indication that
multiple, and possibly large numbers of immunologically distinct TAAs, the products of multiple
genes, were present within the population of breast cancer cells.

The results reported here raise the possibility that a fibroblast cell line that shares identity at one or
more MHC class I alleles with the cancer patient may be readily modified to provide immunologic
specificity for TAAs expressed by the patient’s neoplasm. The data suggest that an optimum response
can be obtained if the cellular immunogen is prepared using DNA from the patient’s own tumor.
Transfection of the cell line with DNA from the neoplastic cells may provide a practical alternative to
the modification of autologous malignant cells for the purposes of generating an immunogen useful in
the overall management of the patient’s disease.
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